The role of roots in the enhancement of cytokinin content and leaf growth of Phaseolus vulgaris plants after decapitation and partial defoliation was investigated. Partial excision of the roots of plants which were decapitated above the primary leaf node resulted in a reduction of leaf growth and soluble proteins accumulation in the primary leaves. Roots excision was done at time of decapitation and repeated 8 days later. Endogenous cytokinins, known to be involved in enncing shoot growth, accumulated in the leaves and stems of decapitated and partially defoliated plants. Lower levels of cytokinins were detected in the leaves of decapitated plants with only a partial root system. The level of cytokinins in the roots of decapitated plants was reduced by partial root excision. The growth and accumulation of cytokinins in leaves were, however, not totally suppressed by removing a large proportion of the roots. At the commencement of the experiment the stem had a higher cytokinin content than both the leaves and roots. This suggests that the stem could be an alternative source of cytokinins to the leaves. The cytokinin complement in the leaves of decapitated plants is not identical to that in the roots. It appears that cytokinins -supplied by the roots are metabolized in the leaves, or that alternatively certain cytokinins are synthesized in the leaves themselves.
In many plants partial defoliation promotes morphogenetic, physiological, and biochemical changes in the remaining leaves. Leaf expansion (3, 6) , mesophyll thickening (3, 14) , accumulation of Chl and proteins (2, 14, 19) , increase in rate of photosynthesis and ribulose-1,5-bisphosphate carboxylase activity (3, 18) , ' Supported financially by C.S.I/P., Pretoria. reduction of stomatal resistance (9) , and delay of senescence (19) have been recorded. Such a wide influence indicates that decapitation and partial defoliation affect the activity ofa basic control system in leaf physiology. Inasmuch as cytokinins affect many ofthe above phenomena it was suggested that the effect of partial defoliation on the remaining leaves is mediated by an accumulation and greater availability of cytokinins (14) produced in the roots (12, 17) . The increase in the root to shoot ratio resulting from partial excision of shoot organs may, therefore, enhance the cytokinin supply from the roots to the rest of the shoot. Van Staden and Carmi (14) reported that in Phaseolus vulgaris decapitation and partial defoliation promoted cytokinin accumulation in the remaining leaves. The involvement of roots in the increase was not clear since a similar result could be obtained if the leaves synthesized cytokinins. In the present study the involvement of roots in the cytokinin content of the leaves following root excision and partial defoliation was investigated.
MATERlALS AND METHODS
Bean seeds (Phaseolus vulgaris L.) were sown in vermiculite. After emergence, the seedlings were transferred to liquid culture with one-quarter strength Hoagland solution. The nutrient solution was well aerated and replaced weekly. The plants were grown in a growth chamber with constant air temperature of 25 ± 1°C and RH of 50 ± 5%. Light intensity of 250 ME m-2 s-' was provided by Phillips fluorescent lamps for 12 h. When the first trifoliate leaf started to expand (hereafter referred to as zero time), the plants were decapitated above the primary leaf node and fully debudded. Half of these plants were used as controls. In the remainder of the plants about two-thirds of the roots were excised with as little damage as possible to the remaining roots. Eight d later about one-half of the remaining roots were excised. At zero time a group of five plants was harvested immediately (8) . To determine the cytokinin levels freeze-dried material was extracted with 80% ethanol at 5C for 24 h. The extracts were then filtered, the residues washed with an additional volume of 80% ethanol, and the cytokinins determined as described previously (14) . All extracts were loaded onto Whatman No. 1 chromatography paper and the constituents in the extracts separated with isopropanol:25% NH40H:water (10:1:1, v/v). After drying, the chromatograms were divided into ten equal RF strips which were then assayed for cytokinin activity using the soybean callus bioassay (10 (Table I) , as well as the mesophyll thickening which occurred over the 16-d experimental period (Table I) . Palisade cell elongation was also reduced in the plants with partial root excision (Table I) . Metabolic activities such as Chl and protein biosynthesis were dramatically retarded by partial root excision (Table I ). The balance between root and shoot systems was affected by the combined treatment of partial defoliation and root excision. The ratio in dry weight root to leaves was considerably smaller in the plants with partial root excision (Table II) . A noticeable difference in cytokinin content was observed throughout the experimental period. The cytokinin levels in the leaves, stem, and roots of the control plants were much higher than in the partially root excised plants (Fig. 1) . The observed difference was apparently caused mainly by a difference in cytokinin accumulation. An increase in cytokinin content was observed in the primary leaves of both treatments (Fig. 1) . The partial excision of roots caused a smaller increase in cytokinin levels in the leaves. The main difference between the two treatments was in the cytokinin fractions which cochromatographed with zeatin and ribosylzeatin (Fig. 1) . This fraction represented most of the cytokinin detected in all the plant organs analyzed (Fig. 1 ). An (Fig. 1) (Fig. 1) . The cytokinin level in the roots of the control plants was much higher than in the treated plants. In (Fig. 1) .
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DISCUSSION
The possible role of roots in affecting shoot physiology due to the rate of cytokinin translocation from roots to shoot was demonstrated by Sitton et al. (1 1) . They reported that a reduction in cytokinin supply from the roots to the shoot was followed by rapid senescence. Carmi and Koller (3) found indications that the photosynthetic activity of leaves and their rate of growth is regulated by the distribution of factors carried from the roots to the leaves in the transpiration stream. Decapitation plus partial defoliation may cause an increase in the ratio root to leaves (Table II) which means a higher ratio of cytokinin source organs (roots) to cytokinin sink -organs (leaves). Henson (10) or shoot apices (7) . If An accumulation of cytokinins in the roots occurred after decapitation and partial defoliation (Fig. 1) . Beever and Woolhouse (1) reported that disbudding of Perilla frutescens plants was followed by an increased cytokinin export from the roots. This may indicate that cytokinin biosynthesis and supply from the roots may be affected by a mutual interrelationship between the shoot and root. Decapitation and partial defoliation did not increase the content of cytokinins in the roots of the plants with partial root systems (Fig. 1) . It may reflect either a faster translocation from the roots to the shoot due to the smaller root to leaves ratio or inability of the shoots in these plants to affect cytokinin biosynthesis in the roots. It is not clear whether the correlative changes in leaf growth and cytokinin content represent a functional connection, or whether both are affected independently by the root pruning. Reduction in leaf growth in response to partial root excision could result from a deficiency in another root factor which became the limiting factor and not necessarily from a cytokinin deficiency. Carmi and Koller (2) reported that exogenous application of BA to primary leaves of decapitated and partially defoliated bean plants compensated fully for the reduction in Chl accumulation caused by partial root excision. This indicates that cytokinins in this system have a direct role on the growth phenomena measured.
